. Fluidized Bed Reactor (FBR) system used to perform the direct fluorination of the TiO 2 and TiO x N y precursor materials.
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For the fluidized bed system, the degree of fluorination can be controlled by varying the time and temperature at which the fluorination reaction is performed. At lower temperatures, an incomplete reaction can be used to produce mixtures of anatase TiO 2-x F x and ReO 3 -type TiO 1-x F 2+x ; the modified formula for TiOF 2 allows for the possiblity of a fluorine ratio higher than 2:1, which is a possibility indicated by the electrochemical data. The ratio of TiO 2-x F x to TiO 1-x F 2+x can be controlled by simply adjusting the temperature from the point at which no detectable fluorination reaction occurs to the point at which a TiO 1-x F 2+x is formed. Two temperatures were selected for synthesis and electrochemical testing, with the higher temperature reaction at 200 °C producing a higher fraction of the TiOF 2 phase from TiO 2 than the reaction at 175 °C (see Fig.  S2 below) . The partial conversion to the TiOF 2 structure increased capacity and cycle stability (see Fig. S7 below) . The capacity drops below 135 mAh g -1 by the tenth cycle for commercial TiO 2 nanoparticles, while the sample MP175-TiOF 2 shows a capacity of 250 mAh g -1 at the tenth cycle and a capacity near 200 mAh g -1 at the 40 th cycle. The sample fluorinated at 200° C (MP200-TiOF 2 ) has even higher capacities of over 300 mAh g -1 by the tenth cycle and 270 mAh g -1 at the 40 th cycle. The extent of the conversion to the TiOF 2 structure can be observed in the electrochemical profile by the reduction in contribution to the capacity of the TiO 2 plateau at 1.75 V vs Li/Li + . Only one other example of a TiOF 2 /TiO 2 material is reported in the literature, and that is a carbon-TiO 2 -TiOF 2 composite material synthesized in plasma by pulsed high voltage discharge.(reference [49] , main text). This carbon-TiO 2 -TiOF 2 composite material is reported to show a stable capacity of 205 mAh g -1 at a current density of 20 mA g -1 for 20 cycles.
[49] MP200-TiOF 2 shows a higher stable capacity near 270 mAh g -1 at a higher current density of 33.5 mA g -1 and for over 50 cycles. The results suggest that the increased capacity relative to the TiO 2 precursor can be attributed to the introduction of fluorine to form the TiOF 2 structure, which may react beyond one lithium per formula unit in a conversion reaction to form lithium fluoride (LiF) and reduced titanium products. Figure S2 . Rietveld refined X-ray diffraction data for TiO 2 /TiOF 2 mix phases which indicates that the sample consists of three phases a TiOF 2 phase (*), a TiO 2 anatase phase (#) and a TiO 2 rutile phase (+). The red line is the calculated pattern, black is the experimental diffraction pattern, and blue is the difference between the calculated and the observed. Reflection positions for TiOF 2 are shown in green, reflection positions for anatase TiO 2 are shown in purple and reflection positions for rutile TiO 2 in orange. Refinement shows that MP-175-TiOF 2 has a composition of 25.6 ± 0.12 % TiOF 2 , 66.3 ± 0.42 % anatase TiO 2 and 7.46 ± 0.12 % rutile TiO 2 . Refinement shows that MP-200-TiOF 2 has a composition of 69.5 ± 0.26 % TiOF 2 , 25.7 ± 0.18 % anatase TiO 2 and 4.8 ± 0.09 % rutile TiO 2 . Goodness-of-fit parameters for the MP-175-TiOF 2 refinement were χ 2 = 2.17 and R wp = 13.5, and for MP-200-TiOF 2 were χ 2 of 2.53 and R wp of 15.7. Figure S3 . Rietveld refined X-ray diffraction data for TiO 2 , which indicates that the sample is primarily of the anatase phase (*) with a small amount of rutile impurity (#). The red line is the calculated pattern, black is the experimental diffraction pattern, and blue is the difference between the calculated and the observed. Reflection positions for anatase TiO 2 are shown in green and reflection positions for rutile TiO 2 are shown in purple. Refinement shows the TiO 2 has a composition of 95.9 ± 0.53 % anatase and 4.1 ± 0.12 % rutile. Refinement goodness-of-fit parameters are χ 2 = 3.12 and Rwp = 11.0. . Ex Situ XPS spectra in the Ti2p region for O-TiOF 2 electrodes before cycling (Top) and after discharging to 0.05 V (Bottom) at a rate of 33.5 mA g -1 are shown. The spectrum of the discharged electrode is much noisier due to the large amount of SEI layer formation that occurs when discharging to low potentials. However, it can still clearly be observed by the shift in peak position to lower binding energy shown by the circled region that there is the presence of reduced Ti species, such as Ti 3+ . Figure S7 . Galvanostatic cycling data of voltage vs specific capacity for the partially fluorinated TiO 2 /TiOF 2 composite electrodes synthesized at 175° C and 200° C, respectively. Both materials were cycled at a current density of 33.5 mA g -1 between the voltages of 3.0 and 0.05 V. Fluorinations of TiO 2 at 175° C and 200° C resulted in dramatic improvement of the capacity and cycle stability compared to the TiO 2 precursor. The higher capacity for the 200° C reaction product can be associated with higher fractions of TiOF 2 .
